Pelvic irradiation used in the treatment of uterine and bladder malignancy may produce injury to the bowel. This can occur immediately as a self limiting proctosigmoiditis. Alternatively, it may be delayed for many months or years after treatment and present as intestinal perforation, necrosis, or stricture.
The pathological response of the bowel to radiation is complex, but occlusive changes in the small intramural vessels are commonly found at the site of radiation bowel disease.2 It has been suggested that these vascular lesions may obliterate the microvasculature of the bowel and lead to progressive ischaemia. 3 Although there is evidence from microvascular studies in experimental animals to support this hypothesis,5 6 the role of small vessel disease in the pathogenesis of human radiation bowel disease remains unclear.
The purpose of the present study was to examine changes in the microvasculature in human radiation bowel disease. Receised for publication 22 July 1983 for radiation bowel disease between March 1982 and March 1983 were included in the study. The age range was 26-65 years (mean age 44 1 years). The initial diagnosis was carcinoma of the cervix in 17 patients and metastatic breast carcinoma in one patient. Fifteen of these patients received both external and intracavity radiotherapy, two patients intracavity treatment only, and one patient external radiotherapy alone. The time interval between therapeutic irradiation and the onset of bowel symptoms ranged from one to 28 months (mean duration 8 4 months). The site of the bowel disease was rectosigmoid (11 cases), terminal ileum (three cases), and both rectosigmoid and terminal ileum (four cases). The types of complications encountered in the rectosigmoid included necrosis with perforation (10 cases), uncomplicated stricture (two cases), rectal ulcer (two cases), and rectovaginal fistula (one case). In the terminal ileum necrosis with perforation (five cases) and stricture (two cases) occurred.
In 43 patients who had resection for carcinoma of the colon and had not received radiotherapy, areas of histologically normal bowel were studied by the same techniques. The Quantiative fluorescent radiograph analysis Small samples of tissue (2x2 cm) were obtained from areas immediately adjacent to the points at which the blocks for histopathological and microradiographic examination were taken. At least five samples from each specimen were studied. Each sample was dissected into a preparation consisting of mucosa-submucosa and a preparation comprising muscularis propria in order to estimate barium concentration in the whole sample and each bowel wall layer by radiograph fluorescence.
Each sample of whole bowel, muscularis, and mucosa-submucosa was exposed to 140 Kev y rays. The induced barium fluorescence was measured at 47 Kev. The 900 scatter from the sample at 140 Kev, which is a measure of tissue volume, was also measured. The ratio of the number of counts obtained at 47 Kev to those obtained at 140 Kev for any given sample of whole bowel wall, muscularis propria or mucosa-submucosa was used as a measure of barium concentration. The reproducibility of the measurement system was in the order of 5%.7
Results

MICRORADIOGRAPHIC FINDINGS
Normal bowel In the normal small and large bowel, vascular density was most pronounced in the mucosal and submucosal regions (Fig. 1) . The large tortuous vessels in the submucosa gave rise to the smaller vessels which supplied the mucosa and muscle layer. The vessels in the muscularis propria formed a loose network of freely anastomosing vessels. In the colon, the mucosal capillaries were closely packed together and regularly arranged. In the ileum the vascular pattern of the villi was observed. This comprised a central arteriole which branched at the tip of the villus into a number of descending capillaries which formed a richly anastomosing vascular network on the surface of the villus.
Uniform perfusion with contrast medium was always observed in all layers of the bowel wall and Radiation bowel damage Alterations in microvascular architecture were present in all sections from radiation damaged bowel, but these appearances varied with the type of lesion.
At the site of fully developed strictures a reduction in vascularity affecting all layers of the intestinal wall was present. Individual vessels exhibited luminal irregularities, variations in diameter, and terminated abruptly (Fig. 2) . Histologically, these areas showed pronounced fibrosis in the submucosa and muscularis propria together with severe vascular changes. These took the form of occlusive fibrin thrombi in capillaries together with severe and sometimes occlusive intimal fibrosis in the small intramural arterial vessels.
In sections taken from sites adjacent to perforations sharply demarcated areas of the bowel wall which contained no contrast medium were present (Fig. 3a) . These avascular zones were either localised to part of the bowel wall or were transmural in distribution. Focal or transmural infarction in combination with fibrinoid necrosis and thrombosis of some vessels were found in these areas on histology (Fig. 3b) . In sections taken from peripheral areas of the specimen remote from the main lesion, there was straightening of the submucosal vessels and reduced vascularity most apparent in the submucosa. These changes were associated with submucosal oedema and fibrosis and non-occlusive intimal fibrosis in small arterial vessels in the bowel wall.
The mucosal vascular pattern was abnormal and the severity of change paralleled the reduction in vascularity in the remainder of the section. In the colon, localised areas of capillary ectasia situated adjacent to normal areas of mucosa were a common finding (Fig. 4) . Other areas of the mucosa showed a loss of the normal regular capillary arrangement where mucosal regeneration had occurred. The first obvious change in small bowel mucosa was villous blunting and was seen in sections distant from the stricture or perforation. In more severely affected sections, abnormal villi were seen showing ectatic vessels and a reduction in the villous capillary network. In both the small and large bowel, there were areas of mucosa which were not perfused with contrast medium. Capillary microthrombi were present in these mucosal vessels with or without accompanying mucosal necrosis.
FL UORESCENT RADIOGRAPH ANALYSIS
Not less than five tissue samples from each of the 43 control and 22 radiation bowel damaged specimens were examined. The samples from the radiation bowel damaged specimens were all histologically abnormal but showed a variety of histological changes.
Whole sample and layer vascularity
The mean value obtained for barium concentration in whole tissue samples of the bowel wall from the 43 control specimens was 2 031±0 546%. Barium concentration was 1 315±0 467% in the muscularis propria and 2 565±0 726% in the mucosasubmucosa. The radiation group showed a highly significant reduction in barium concentration in the whole tissue sample (1.004±0.217%; p<0001), the muscularis propria (0.677±0.181%; p<0001), and the mucosa-submucosa (1 21+0*285%; p<0001) when compared with the control group. The ratio between barium concentration in the mucosasubmucosa to that in the muscularis propria was 2 083±0-654 in the control group and 1 905±0-573 in the radiation group, but this difference was not statistically significant (p>005).
A highly significant negative correlation between barium concentration and age was observed in the whole tissue samples from the 43 control patients (r=-0-669; p<0001). By contrast, no significant age correlation was observed in the radiation group for the whole sample (Fig. 5 ).
Distance relationships (1) Terminal ileum: the relationship between barium concentration and the site in the specimen from which the whole samples were taken was investigated in four patients who had received combined intercavity and external radiotherapy and subsequently developed severe radionecrosis of the terminal ileum which necessitated ileal resection and right hemicolectomy. Five specimens of terminal ileum from the control group were also studied. The tissue samples were taken at measured distances from the ileocaecal valve (Fig. 6) . No significant changes in barium concentration were observed in samples taken from different points in the normal terminal ileum and caecum. In radiation bowel disease, the maximum reduction in barium concentration was obtained in samples taken from within 15 cm of the ileocaecal valve where necrosis was present. Sample barium concentration remained below the 95% confidence limits of the control group for some distance proximally in ileum which appeared macroscopically less affected.
(2) Rectosigmoid colon: six specimens of radiation damaged rectosigmoid colon and five control specimens were studied in similar way. There was no significant change in barium concentration in samples obtained from different sites in the control specimens (Fig. 7) . Stricture or necrosis was present in four specimens from patients who had received combined intracavity and external radiotherapy. In these specimens the lowest values for sample barium concentration were present 8-15 cm from the anorectal junction, but values outside two standard deviations of the control group were present in the more proximal sigmoid colon. By contrast a different pattern was observed in samples from the two patients who received intracavity radiotherapy alone. Barium concentration was reduced at the site of the main lesion but rapidly returned to normal in the proximal sigmoid colon.
Discussion
The incidence of necrosis of the intestine was much higher in this series of patient than previously documented cases of radiation bowel disease. Other authors have found a greater proportion of patients with stricture occurring at a similar time interval after pelvic radiotherapy.8 Histological examination Fig. 5 Comparison between microvascular volume and age in the normal bowel (n=43) and radiation bowel disease (n=22). The use of a radiograph fluorescence system for the estimation of microvascular volume in tissue samples7 was advantageous in providing information which could be analysed statistically to confirm the subjective impression of reduced vascularity at the site of radiation bowel injury, and to show that this reduction is similar in both bowel wall layers. This evidence lends support to the hypothesis that the occlusive lesions of the small intramural vessels commonly found in human radiation bowel disease produce a profound reduction in microvascular space leading to progressive ischaemia.
The sites of most severe injury after pelvic irradiation are in the lower sigmoid colon and upper rectum, probably because of their proximity to the field of radiation."1 Overt injury to the small intestine is less common, but when it does occur, it is usually situated 6-10 cm from the ileocaecal valve. 12 In the present study, these areas showed the most severe derangement of vascular architecture and maximum reduction in microvascular volume.
De Cosse et a14 stressed that the degree of involvement from radiation damage is far more extensive than is apparent on gross inspection. The majority of our patients received combined intracavity and external radiotherapy and a reduction in vascularity was present for some distance proximal to the main lesion, in segments of bowel which did not appear grossly abnormal. These findings have important therapeutic implications in that extensive resection may be necessary in order to remove all the affected bowel and thereby prevent anastomotic dehiscence or progression of the disease. Johnson et all'3 observed that radiation bowel damage is much more localised if it occurs after treatment by intracavity irradiation alone and there is some evidence to support this in the present study.
Although several theories concerning the aetiology and pathogenesis of the delayed effect of radiation on the intestine have been postulated,'4 '5 the findings from the present investigation support those who believe that intramural vascular disease and progressive ischaemia are important factors in the natural history of human radiation bowel disease.
